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(54) VARIABLE WAVELENGTH EXTERNAL RESONATOR TYPE LASER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To simplify the setting of oscillating wavelength and to 
make the constitution of a device small. 

SOLUTION: A maser light emitting element 1 1 comprising a laser diode, which 
oscillates the laser light having the specified wavelength, and an external distribution 
reflector 15, which comprises the crystal having Pockels effect and wherein a grating 
21 is formed at the same time, are optically coupled. A voltage is applied from a DC 
voltage source 16 to the outer distributon reflector 15. By controlling the applied 
voltage variably, the effective refractive index of the crystal is changed. By changing 
the Bragg wavelength or the reflected optical wave, the oscillating wavelength of the 
laser light, which is oscillated at the single longitudinal mode is variably controlled. The 
resonator length is shortened and the relaxation oscillation frequency is made high. 



Thus, the direct modulation can be performed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the wavelength adjustable external resonator mold laser which optical 
coupling is carried out to an optical fiber so that transmission of a light wave may be 
possible, wavelength oscillates the laser beam of a single mode from from among 
adjustable light waves, and is transmitted to said optical fiber The external distribution 
reflector which consists of the quality of the material in which the grating which 
reflects the light wave of different Bragg wavelength according to the electrical 
potential difference impressed was formed, An armature-voltage control means to 
control to adjustable the electrical potential difference impressed to said external 
distribution reflector, Wavelength adjustable external resonator mold laser 
characterized by having the laser light emitting device which it has the reflector in 



which the produced light wave is reflected, and this light wave is resonated between 
this reflector and said grating, and oscillates the laser beam of predetermined 
wavelength. 

[Claim 2] Said wavelength adjustable external resonator mold laser is wavelength 
adjustable external resonator mold laser according to claim 1 characterized by having 
a temperature detection means to detect the temperature of said external distribution 
reflector, and a temperature control means to control the temperature of said 
external distribution reflector to predetermined temperature according to said 
detected temperature. 

[Claim 3] In the wavelength adjustable external resonator mold laser which optical 
coupling is carried out to an optical fiber so that transmission of a light wave may be 
possible, wavelength oscillates the laser beam of a single mode from from among 
adjustable light waves, and is transmitted to said optical fiber The external distribution 
reflector which consists of the quality of the material in which the grating which 
reflects the light wave of different Bragg wavelength according to temperature was 
formed. A temperature detection means to detect the temperature of said external 
distribution reflector, and a temperature control means to control the temperature of 
said external distribution reflector to adjustable according to said detected 
temperature. Wavelength adjustable external resonator mold laser characterized by 
having the laser light emitting device which it has the reflector in which the produced 
light wave is reflected, and this light wave is resonated between this reflector and said 
grating, and oscillates the laser beam of predetermined wavelength. 
[Claim 4] The quality of the material of said external distribution reflector is 
wavelength adjustable external resonator mold laser according to claim 1 to 3 
characterized by consisting of a crystal which has the electro-optical effect. 
[Claim 5] the threshold current Ith of said laser light emitting device — 
Ith=eVaBeff{[— alpha1L1-/** +(1/** L1) ln(1-/ta2Cout2rhrB)] — /g'+Ng} 
By carrying out. the total optical output PO of the laser to an inrush current I is set to 
PO=etadEg(I-Ith) Eg=hnu. external differential-quantum-efficiency etad uses 
internal-quantum-efficiency etain of laser, and it is 

etad=etainalpham/(alpha1+alpham). 

= etain {(1 / L1) ln(1-/ta2Cout2rhrB)/[alpha1+(1 / L1) In (1-/ta2Cout2rhrB)]} 
When it expresses and the optical output of Pfront and a rear face is expressed for a 
front optical output as Pback at this time, it is Pfront/Pback=[(1-RB) /(1-Rh)] root 
(Rh/RB). 

Wavelength adjustable external resonator mold laser according to claim 1 or 2 
characterized by becoming. 

[Claim 6] the threshold current Ith of said laser light emitting device — 

Ith=eVaBeff{[— alpha1L1-/** +(1/** ln(1-/ta2Cout2rlrB)] — /g'+Ng) 

By carrying out. the total optical output PO of the laser to an inrush current I is set to 



PO=etadEg(I-Ith) Eg=hnu, external differential-quantum-efficiency etad uses 
internal-quantum-efficiency etain of laser, and it is 

etad=etainalpham/(alpha1+alpham). 

= etain {(1 / L1) ln(1-/ta2Cout2rlrB)/[alpha1+(1 / L1) In (1-/ta2Cout2rlrB)]] 
When it expresses and the optical output of Pfront and a rear face is expressed for a 
front optical output as Pback at this time, it is Pfront/Pback=[(1-RI) /(1-RB)] root 
(RB/RI). 

Wavelength adjustable external resonator mold laser according to claim 1 or 2 
characterized by becoming. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the wavelength adjustable external 
resonator mold laser with which wavelength oscillates the laser beam of the request 
wavelength of a single mode from from among adjustable laser beams. 
[0002] 

[A related background technique] As there is laser of the single longitudinal mode of 
an external resonator mold among this kind of the laser, for example, it is 
conventionally shown in drawing 9 Use a grating (concave grating) for the external 
distribution reflector 10, and this grating 10 is arranged to the laser light emitting 
device 1 1 exterior which consists of a laser diode. While resonating the light wave 
produced between the grating 10 and the low reflector 12, by changing the include 
angle theta of a grating 10, reflected wave length was changed and the oscillation 
wavelength of the laser beam oscillated to the optical fiber 20 which is a light guide 
line was adjusted. In addition, 13 and 14 are the optical lenses for condensing a light 
wave. 
[0003] 

[Problem(s) to be Solved by the Invention] However, it is necessary to move the 
include angle of a grating mechanically by the above-mentioned laser. That is, 
include-angle adjustment of the grating may be carried out using a micrometer head 
or a screw by hand control. In such a case, setting it as the wavelength of arbitration 
had the trouble of not being simple, it is difficult to tune finely and difficult. 
[0004] Moreover, in order to raise the simple nature of a wavelength setup, drive 
systems, such as a motor, were used, the grating was driven, there were some which 
carry out include-angle adjustment, but since stability was bad and was drive systems, 
such as a motor, there was a trouble that equipment became large and manufacture 



cost became high. Furthermore, since the configuration of optical system and a drive 
system is large, the die length of the resonator which consists of a grating and a 
reflector of a laser light emitting device becomes long, and a photon life becomes long. 
As the result, the relaxation oscillation frequency occurred in low frequency, and the 
trouble that a direct modulation signal could not be impressed to the 
above-mentioned laser light emitting device, and a lightwave signal could not be 
modulated also had it. 

[0005] This invention was made in view of the above-mentioned trouble, and its setup 
of oscillation wavelength is simple, and it aims at offering the wavelength adjustable 
external resonator mold laser which can make an equipment configuration small. 
Moreover, other purposes of this invention are to offer the wavelength adjustable 
external resonator mold laser whose direct modulation shortens cavity length, and can 
make a relaxation oscillation frequency high, and is possible. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, by 
this invention, optical coupling is carried out to an optical fiber so that transmission of 
a light wave may be possible. In the wavelength adjustable external resonator mold 
laser which wavelength oscillates the laser beam of a single mode from from among 
adjustable laser beams, and is transmitted to said optical fiber The external 
distribution reflector which consists of the quality of the material in which the grating 
which reflects the light wave of different Bragg wavelength according to the electrical 
potential difference impressed was formed, for example, the crystal which has the 
primary electro-optics effectiveness (the so-called Pockels effect), The 
armature-voltage control means which consists of direct current voltage supply which 
control to adjustable the electrical potential difference impressed to said external 
distribution reflector, It has the reflector in which said produced light wave is reflected, 
and the wavelength adjustable external resonator mold laser equipped with the laser 
light emitting device which consists of a laser diode which this light wave is resonated 
between this reflector and said grating, and oscillates the laser beam of predetermined 
wavelength is offered. 

[0007] That is, while making a grating form in the crystal of lithium NAIOBEITO which 
has said Pockels effect by ultraviolet radiation exposure, optical coupling of the laser 
light emitting device is carried out to this crystal. An electrical potential difference is 
impressed to a crystal from direct current voltage supply, the effective refractive 
index of a crystal is changed by controlling the applied voltage to adjustable, the Bragg 
wavelength of a light wave which this reflects is changed, and the oscillation 
wavelength of the laser beam oscillated by the single longitudinal mode is controlled to 
adjustable. 

[0008] Moreover, as for said wavelength adjustable external resonator mold laser, it is 
desirable to have a temperature detection means which consists of temperature 



sensors, such as a thermistor, for example to detect the temperature of said external 
distribution reflector, and the temperature control means which consists of a Peltier 
device which controls the temperature of said external distribution reflector to 
predetermined temperature, and a thermal control circuit according to said detected 
temperature, and to make temperature of an external distribution reflector regularity. 
[0009] Moreover, the wavelength adjustable external resonator mold laser concerning 
this invention The external distribution reflector which consists of a crystal of lithium 
NAIOBEITO in which the grating which reflects the light wave of different Bragg 
wavelength according to temperature was formed. The temperature sensor which 
detects the temperature of said external distribution reflector, and said detected 
temperature are embraced. It is desirable to control to adjustable the oscillation 
wavelength of the laser beam which it has the Peltier device and thermal control 
circuit which control the temperature of said external distribution reflector to 
adjustable, and the Bragg wavelength is changed by controlling the temperature of an 
external distribution reflector to adjustable, and is oscillated by the single longitudinal 
mode. 
[0010] 

[Embodiment of the Invention] The wavelength adjustable external resonator mold 
laser concerning this invention is explained based on the drawing of drawing 1 thru/or 
drawing 8 . Drawing 1 is the block diagram showing the configuration of the 1 st 
example of the wavelength adjustable external resonator mold laser concerning this 
invention. In addition, in the following drawings, the same sign is written on account of 
explanation about the same component as drawing 9 . 

[0011] In drawing 1 , wavelength adjustable external resonator mold laser constitutes 
the external distribution reflector 15 which consists of a crystal arranged between the 
laser light emitting device 1 1 which consists of a laser diode which is the light source, 
optical lenses 13 and 14, and the laser light emitting device 1 1 and an optical fiber 20, 
and the armature-voltage control means concerning this invention, and consists of 
direct current voltage supplies 1 6 which control to adjustable the electrical potential 
difference impressed to the external distribution reflector 15. 

[0012] The laser light emitting device 11 has the barrier layer 17 with multiplex 
quantum well structure, and the nonreflective end face 18 and the high reflective end 
face 19 formed on both sides of a barrier layer 17, the crystal of lithium NAIOBEITO 
(LiNb03) is used, for example, and the grating 21 is formed in the external distribution 
reflector 15 by [ for which it has the Pockels effect ] irradiating ultraviolet radiation at 
this crystal. Optical coupling of this crystal (external distribution reflector 15), the 
laser light emitting device 11, and the optical fiber 20 is carried out through optical 
lenses 13 and 14, a light wave arises in a barrier layer 17 according to the current 
poured in, by the resonator by which that light wave is formed between the high 
reflective end face 19 and a grating 21, reflective resonance is carried out and they 



are outputted to the optical fiber 20 as a laser beam. Moreover, the electrical potential 
difference is impressed to the external distribution reflector 1 5 from direct current 
voltage supply 1 6, and the effective refractive index of a crystal is changed to it by 
controlling this applied voltage to adjustable. For this reason, the Bragg wavelength of 
a light wave reflected by the grating 21 will change according to theabove-mentioned 
applied voltage, and the laser beam of the request oscillation wavelength of the single 
longitudinal mode by which adjustable control was carried out will be oscillated by the 
optical fiber 20. 

[0013] In addition, in this example, AR (Anti Reflection) coating is carried out, and the 
reflection factor of the high reflective end face 19 on the back is made or more into 
0.9 so that an optical output can be concentrated on the nonreflective end face 1 8, so 
that the reflection factor of the nonreflective end face 1 8 of laser light emitting device 
1 1 front face may become ten to four or less. In the wavelength adjustable external 
resonator mold laser of the above-mentioned configuration, incidence of the light 
wave outputted from the nonreflective end face 1 8 of laser light emitting device 1 1 
front face is carried out to the external distribution reflector 1 5 with which the optical 
lens 13 was passed and the grating was formed. Here, the transmission of lithium 
NAIOBEITO of the external distribution reflector 15 has the polarization dependency 
of incident light, and only the light of the TE mode may penetrate above-mentioned 
lithium NAIOBEITO. Moreover, there is a polarization dependency also in the gain in 
the barrier layer 1 7 of the laser light emitting device 1 1 with the above-mentioned 
multiplex quantum well structure. 

[0014] Therefore, from the laser light emitting device 11 in which only the TE mode 
has gain, by direct current voltage supply 16, the light wave of the TE mode is 
outputted, and an electrical potential difference is impressed to the external 
distribution reflector 15 so that the light wave of this TE mode may penetrate, and the 
crystal orientation of above-mentioned lithium NAIOBEITO is adjusted, and it fixes. 
The light wave by which incidence was carried out to the crystal reflects only the 
wavelength component of the arbitration decided by the Bragg wavelength in a grating 
21, passes an optical lens 13 conversely, and returns to the laser light emitting device 
11. Consequently, the light wave of the single longitudinal mode nearest to the Bragg 
wavelength among the longitudinal modes decided by resonator structure oscillates, a 
crystal is passed, and it is outputted to an optical fiber 20 as a laser beam. That is, it 
will depend for the oscillation wavelength of a laser beam on the Bragg wavelength in 
the grating 21 formed in the crystal. 

[0015] Here, when the period (pitch) of nav and a grating is set to lambda for the 
average refractive index of the above-mentioned crystal, Bragg wavelength lambdaB 
is lambdaB=2navlambda. — (1) 

It becomes. Moreover, there is the following relation to the power reflection factor RB 
in the Bragg wavelength of the grating formed in the above-mentioned crystal. 



[0016] RB=tanh2 (pideltanL/lambdaB) 

In addition, deltan expresses the refractive-index change width of face of a grating, 
and L expresses the die length of a grating here. Therefore, a reflection factor RB can 
be chosen by adjusting these refractive-indexes change width-of-face deltan and 
die-length L of a grating. Next, the relation between this power reflection factor RB 
and the joint effectiveness Cout2 is explained using the drawing of drawing 4 from 
drawing 2 . Drawing 2 is the related Fig. in the experiment using the wavelength 
adjustable external resonator mold laser which consists of a distorted multiplex 
quantum well laser showing change of the oscillation threshold current of laser. A 
threshold current changes with the power reflection factor RB and joint effectiveness 
Cout2 in drawing 2 . 

[001 7] The above-mentioned threshold current becomes so small that the joint 
effectiveness Cout2 is large and a reflection factor RB is large. Generally a threshold 
current has that good of the lower one. On the other hand, current-output 
characteristics (henceforth a "I-L property") are an inrush current to laser, and the 
relation of optical output power, and the inclination is expressed with W/A. In the laser 
used for the experiment, the current-output characteristics when seting constant the 
reflection factor RB in the Bragg wavelength of a grating at 0.22, and making joint 
effectiveness Cout2 into a parameter are drawing 3 . In drawing 3 , although the 
inclination of an I-L property has the large one where the joint effectiveness Cout2 is 
smaller, at drawing 2 , it turns out that a threshold current becomes [ the one where 
the joint effectiveness Cout2 is smaller ] large. 

[0018] Moreover, the I-L property when drawing 4 setting joint effectiveness Cout2 to 
0.6, and making a reflection factor RB into a parameter is shown. Although the 
inclination of an I-L property is so large that a reflection factor RB is small in drawing 
3 , it turns out in drawing 2 that a threshold current becomes [ the one where a 
reflection factor RB is smaller ] large. This shows that making a threshold current 
small and enlarging the inclination of these I-L property have commutation relation 
mutually. That is, since the inclination of an I-L property is so large that a threshold 
current is large, the upper limit of a request-less **** current is decided, and the joint 
effectiveness Cout2 and a reflection factor RB which fill it should just be specified. 
[0019] Here, the joint effectiveness Cout2 is decided by optical system of an optical 
module. The joint effectiveness chosen by this is 0.6 to about 0.8. Moreover, when 
joint effectiveness is 0.8, a reflection factor is 0.1 or more and joint effectiveness is 
0.6 first in order to set a threshold current to 20mA or less since it is usually within 
the limits of 5-20mA, a reflection factor is [ 0.2 or more ] required for the threshold 
current of the laser for a communication link (refer to drawing 2 ). 
[0020] On the other hand, if a reflection factor is large, the inclination of an I-L 
property becomes small and laser cannot be oscillated efficiently. Therefore, let the 
reflection factor 0.6 from which a threshold current is set to 5mA be an upper limit in 



joint effectiveness 0.6 (refer to drawing 4 ). In the case of the joint effectiveness 
0.6-0.8 chosen from the above thing using the usual optical system, if the reflection 
factor in the Bragg wavelength of a grating is made into the range of 0.1-0.6, it will 
become possible to stabilize laser of it efficiently. In addition, at this example, in order 
to stabilize laser still more efficiently, the reflection factor RB in the Bragg wavelength 
of the grating in the case of joint effectiveness 0.6-0.8 shall be chosen within the 
limits of 0.2-0.4. 

[0021] Moreover, change of the I-L property mentioned above can be expressed with 
a formula as follows, namely, threshold current Ith of laser Ith=eVaBeff([— 
alpha1L1-/** +(1/** L1) In (1-/ta2Cout2rhrB)] — /g'+Ng} — (2) 
It becomes, here — e — electron charge and Cout2 — joint effectiveness and rh — 
the rate of electroreflectance of the above-mentioned quantity reflective end face, 
and ta for the propagation loss in the above-mentioned barrier layer, and L1, the 
die length of the above-mentioned barrier layer and Beff are [ the electric-field 
permeability of the above-mentioned nonreflective end face, and ** / the 
above-mentioned barrier layer longitudinal direction optical confinement factor and 
alpha 1 / an inverted population carrier consistency and g' of an effective 
recombination coefficient and Ng ] differential gain. Moreover, Va is the barrier layer 
volume, is expressed with the product of the die length L1 of the barrier layer width of 
face omega, barrier layer thickness t, and a barrier layer, and is set to Va=L1tomega. 
rB has the relation of rB2=RB at the rate of electroreflectance in the Bragg 
wavelength. 

[0022] Moreover, when spontaneous emmision light is disregarded, the total optical 
output P0 of the laser to an inrush current I is P0=etadEg(I-Ith) Eg=hnu. — (3) 
It becomes. Here, h is [ the vibration frequency of a light wave and etad of a Planck's 
constant and nu ] external differential quantum efficiency. If this etad is expressed 
using internal-quantum-efficiency etain of laser etad=etainalpham/(alpha1+alpham) 
= etain {(1 / L1) ln(1-/ta2Cout2rhrB)/[alpha1 + (1 / L1) In (1-/ta2Cout2rhrB)]} — (4) 
It becomes. Here, alpham is a mirror loss. Furthermore, the optical output taken out 
from laser outside is divided and outputted to a rear face and a front face. If the 
optical output of Pfront and a rear face is expressed for a front optical output as 
Pback at this time Pfront/Pback=[(1-RB)/(1-Rh)] root(Rh/RB) — (5) 
It becomes. Here, RB is the power reflection factor of a front mirror, and Rh is the 
power reflection factor of a rear-face mirror. 

[0023] In addition, the property parameter value of the laser light emitting device 1 1 
with the distorted multiplex quantum well structure where it used for this experiment 
is shown in Table 1. 
[0024] 
[Table 1] 
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In this invention, even if it assigned the above-mentioned value of Table 1 to (2) - (5) 
type about an I-L property, the I-L property shown in drawing 3 and drawing 4 was 
able to be acquired. 

[0025] Next, applied voltage and the relation of refractive-index change are explained. 
The Pockels effect is the phenomenon in which a refractive index changes in 
proportion to electric field, and this effectiveness is seen as a crystal without 
centrosymmetry. For example, in lithium NAIOBEITO of 1 axial crystal, when adding 
electric field E in the direction of the z-axis (it is also called a c-axis) of an optical 
axis, the electric field of a x axis and the direction of the y-axis are 0. Then, 
refractive-index change deltane of the direction of the z-axis is expressed as 
deltane=-ne3gamma 33E/2. Here, ne is the refractive index of the direction of the 
z-axis of lithium NAIOBEITO when not impressing electric field, and the about 
[ ne=2.2 ] value is known, gamma 33 is a primary optical multiplier and 
gamma33=32x10-12 m/V extent is known. According to this effectiveness, the 
refractive index of the direction of the z-axis will change with electric fields to 



ne+delta ne. Since the relation of V=Ed (d is an inter-electrode distance) to electric 
field E in applied voltage V is, a refractive index will change in proportion to applied 
voltage. 

[0026] As mentioned above, Bragg wavelength lambdaB has the relation shown in (1) 
type, and since nav in the above-mentioned (1) formula is ne+delta ne, Bragg 
wavelength lambdaB will change with electrical-potential-difference impression. 
Moreover, a crystal is one of the components of a resonator, and if the refractive 
index of a crystal changes, the phase conditions of laser oscillation will also change 
and it will also change the longitudinal mode which may be oscillated. For this reason, 
the electrical-potential-difference impression to a crystal brings about change of the 
Bragg wavelength, and change of longitudinal-mode conditions. Since it oscillates by 
the longitudinal mode nearest to the Bragg wavelength, the phase conditions when 
impressing the electrical potential difference of arbitration and the laser beam of the 
single longitudinal mode decided by the Bragg wavelength oscillate the 
above-mentioned laser. 

[0027] Therefore, in this example, since the output voltage of direct current voltage 
supply is adjusted, the applied voltage to a crystal is changed and the Bragg 
wavelength is adjusted, the oscillation wavelength of laser can be changed, and since a 
setup of oscillation wavelength becomes simple and a mechanical drive system is not 
used, an equipment configuration can be made small. Furthermore, the die length of 
the resonator which consists of this examples in a grating and the reflector of a laser 
light emitting device since the above-mentioned drive system becomes unnecessary 
becomes short, a photon life becomes short, and it becomes possible to generate in a 
frequency band with a high relaxation oscillation frequency as the result, to impress a 
direct modulation signal to the above-mentioned laser light emitting device, and to 
modulate a lightwave signal. 

[0028] Drawing 5 is the block diagram showing the configuration of the 2nd example of 
the wavelength adjustable external resonator mold laser concerning this invention. A 
different point from the 1st example of drawing 1 in drawing 5 is arranging the crystal 
with which the grating's was formed in the rear-face side of the laser light emitting 
device 11, constituting the external distribution reflector 15, impressing an electrical 
potential difference to the above-mentioned external distribution reflector 15 from 
direct current voltage supply 1 6, and carrying out adjustable control of the Bragg 
wavelength, and is oscillating the laser beam of the request oscillation wavelength of 
the single longitudinal mode. 

[0029] Moreover, change of the I-L property mentioned above can be expressed with 
a formula as follows, namely, threshold current Ith of laser Ith=eVaBeff{[— 
alpha1L1-/** +(1/** L1) In (1-/la2Cout2rlrB)] — /g'+Ng} — (6) 

It becomes. Here, rl is the rate of electroreflectance of the above-mentioned 
nonreflective end face, and other parameters are the same as the parameter of (2) - 



(5) type. Moreover, when spontaneous emmision light is disregarded, the total optical 
output PO of the laser to an inrush current I is PO=etadEg(I-Ith) Eg=hnu like (3) types 
— (7) 

It comes out. Here, when etad is expressed using internal-quantum-efficiency 
eta<SUB>in of laser, it is etad=etainalpham/(alpha1+alpham). 

= etain {(1 / L1) ln(1-/ta2Cout2rlrB)/[alpha1 + (1 / L1) In (1-/ta2Cout2rlrB)]} — (8) 
It becomes. Furthermore, the optical output taken out from laser outside is divided 
and outputted to a rear face and a front face. If the optical output of Pfront and a rear 
face is expressed for a front optical output as Pback at this time 
Pfront/Pback=[(1-RI)/(1-RB)] root(RB/RI) — (9) 

It becomes. Here, a power reflection factor [ in / in RB / the Bragg wavelength of a 
grating] and Rl are the power reflection factors of a front mirror. Also by this example, 
the good I-L property was able to be acquired by assigning the above-mentioned 
value of Table 1 to (6) - (9) type. 

[0030] In this example, with this configuration, the rear face of the laser light emitting 
device 1 1 is made into the with a reflection factor of ten to four or less nonreflective 
end face 18, a front face is made into the high reflective end face 19 between 
reflection factors 0.2-0.4, the reflection factor in the Bragg wavelength of the grating 
which is the external distribution reflector 15 is made or more into 0.9, and it makes it 
possible to oscillate the laser beam of request oscillation wavelength to the external 
distribution reflector 15 and the opposite side. In addition, in this example, the 
principle from which oscillation wavelength changes only by the 
electrical-potential-difference impression to a crystal is the same as that of the 1st 
example. 

[0031] Therefore, since this example can also adjust the Bragg wavelength, like the 
1st example, the oscillation wavelength of laser can be changed, and a setup of 
oscillation wavelength becomes simple, and it can make an equipment configuration 
small. By the way, the Bragg wavelength of the grating formed in a crystal like lithium 
NAIOBEITO mentioned above has temperature dependence as shown in the 
experimental result of drawing 6 . In the above-mentioned experiment, if the 
temperature of a crystal is changed in 10-30 degrees C, the Bragg wavelength will 
change in proportion to the temperature change, and will be shifted to long wavelength 
almost linearly in connection with a temperature rise. The inclination of change from 
this property is 0.006nm/degree C. Therefore, in order to realize the wavelength 
adjustable only with the applied voltage to a crystal, it is necessary to reduce the 
effects by the temperature change. 

[0032] So, the component shown below is added to the 1st or 2nd example, and it 
consists of the 3rd example of drawing 7 . That is, the component 23 which 
constitutes the temperature control means of the external distribution reflector 1 5 
which consists of the above-mentioned crystal which starts this invention through the 



conductive metal 22 caudad, for example, a Peltier device, shall be arranged, and the 
temperature of a crystal shall be adjusted. Furthermore, into the above-mentioned 
crystal, the automatic thermal control circuit 25 which constitutes the temperature 
control means which attaches the temperature sensor 24 which constitutes the 
temperature detection means concerning this invention, for example, a thermistor, 
detects the temperature of a crystal, and starts this invention according to the 
temperature by which detection was carried out [ above-mentioned ] shall control the 
temperature of Peltier device 23. That is, in the thermistor 24, detection temperature 
is changed into a voltage signal and it is outputting to the automatic thermal control 
circuit 25, and reference temperature is set up as reference voltage, and feedback 
control of the current passed to Peltier device 23 is performed [ the difference of the 
above-mentioned voltage signal and reference voltage to input is taken, and ] in the 
automatic thermal control circuit 25 so that the temperature of the external 
distribution reflector 1 5 may become fixed according to this difference. 
[0033] Therefore, in this example, since it can become possible to keep the 
temperature of a crystal constant, the effects by the temperature change of the 
Bragg wavelength of a grating can be reduced and the above-mentioned Bragg 
wavelength can be adjusted, the oscillation wavelength of laser can be changed still 
more exactly, and a setup of oscillation wavelength becomes simple, and an equipment 
configuration can be made small. In addition, in order to carry out adjustable control of 
the oscillation wavelength of a laser beam in these examples, an optical coupler (not 
shown) is attached in the laser beam output side of an optical fiber, if separate the 
laser beam outputted, the monitor of the wavelength is carried out. it feeds back to 
direct current voltage supply and applied voltage is adjusted, the Bragg wavelength of 
a grating can be adjusted and the oscillation wavelength of a laser beam can be sorted 
out with a sufficient precision. 

[0034] Moreover, it is also possible to change the Bragg wavelength by changing the 
temperature of a crystal so that drawing 6 may show. Then, the block diagram of the 
4th example of the wavelength adjustable external resonator mold laser applied to this 
invention at drawing 8 is shown. In the 4th example, the electrical-potential-difference 
impression to the crystal by the direct current voltage supply 1 6 shown in the 3rd 
example is deleted, only feedback control of the current passed to Peltier device 23 is 
performed, the temperature of the external distribution reflector 1 5 is adjusted to 
adjustable, and the laser beam of the request oscillation wavelength of the single 
longitudinal mode is oscillated by carrying out adjustable control of the Bragg 
wavelength. 

[0035] Therefore, in this example, since the Bragg wavelength is adjusted and the 
oscillation frequency of laser can be changed by carrying out adjustable setting of the 
temperature of an external distribution reflector, a setup of oscillation wavelength is 
simple and can make an equipment configuration small. 



[0036] 

[Effect of the Invention] In the wavelength adjustable external resonator mold laser 
which optical coupling is carried out to an optical fiber in this invention so that 
transmission of a light wave may be possible, wavelength oscillates the laser beam of 
a single mode from from among adjustable light waves, and is transmitted to said 
optical fiber as explained above The external distribution reflector which consists of a 
crystal which has the electro-optical effect which is the quality of the material in 
which the grating which reflects the light wave of different Bragg wavelength 
according to the electrical potential difference impressed was formed, An 
armature-voltage control means to control to adjustable the electrical potential 
difference impressed to said external distribution reflector, Since it had the laser light 
emitting device which it has the reflector in which the produced light wave is reflected, 
and this light wave is resonated between this reflector and said grating, and oscillates 
the laser beam of predetermined wavelength While a setup of oscillation wavelength is 
simple and can make an equipment configuration small, cavity length is shortened, a 
relaxation oscillation frequency can be made high, and direct modulation is possible. 
[0037] Moreover, since said wavelength adjustable external resonator mold laser is 
equipped with a temperature detection means to detect the temperature of said 
external distribution reflector, and a temperature control means to control the 
temperature of said external distribution reflector to predetermined temperature 
according to said detected temperature and makes temperature of an external 
distribution reflector regularity, it can make a setup of oscillation wavelength simple 
further. Moreover, the wavelength adjustable external resonator mold laser concerning 
this invention The external distribution reflector which consists of a crystal with which 
the grating which reflects the light wave of different Bragg wavelength according to 
temperature was formed, A temperature detection means to detect the temperature 
of said external distribution reflector, and said detected temperature are embraced. 
Since the oscillation wavelength of the laser beam which it has a temperature control 
means to control the temperature of said external distribution reflector to adjustable, 
and the Bragg wavelength is changed by controlling the temperature of an external 
distribution reflector to adjustable, and is oscillated by the single longitudinal mode is 
controlled to adjustable A setup of oscillation wavelength is simple and can make an 
equipment configuration small. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the 1st example of the 



wavelength adjustable external resonator mold laser concerning this invention. 
[Drawing 2] It is the related Fig. in the experiment using the wavelength adjustable 
external resonator mold laser which consists of a distorted multiplex quantum well 
laser showing change of the oscillation threshold current of laser. 
[Drawing 3] It is the property Fig. showing the I-L property when seting constant the 
reflection factor RB in the above-mentioned experiment at 0.22, and making joint 
effectiveness Cout2 into a parameter. 

[Drawing 4] It is the property Fig. showing the I-L property when setting joint 
effectiveness Cout2 in the above-mentioned experiment to 0.6, and making a 
reflection factor RB into a parameter. 

[Drawing 5] It is the block diagram showing the configuration of the 2nd example of 
the wavelength adjustable external resonator mold laser concerning this invention. 
[Drawing 6] It is the property Fig. showing the temperature characteristic of the Bragg 
wavelength. 

[Drawing 7] It is the block diagram showing the configuration of the 3rd example of the 
wavelength adjustable external resonator mold laser concerning this invention. 
[Drawing 8] It is the block diagram showing the configuration of the 4th example of the 
wavelength adjustable external resonator mold laser concerning this invention. 
[Drawing 9] It is the block diagram showing the configuration of the conventional 
wavelength adjustable external resonator mold laser. 
[Description of Notations] 
1 1 laser light emitting device 
13 14 Optical lens 

1 5 External Distribution Reflector 

16 Direct Current Voltage Supply 

1 7 Barrier Layer 

18 Nonreflective End Face 

1 9 High Reflective End Face 

20 Optical Fiber 

21 Grating 

23 Peltier Device 

24 Thermistor 
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